Introduction {#sec1-1}
============

The rise of fast food and street food vendors in western Countries pose several issues about this strategy for the local and global economy, about changing of life styles, but also on food safety for both microbiological and chemical point of view (Proietti *et al.*, [@ref15]). In this kind of food sector the use of baked and fried food is quite common and several papers highlights the possible formation of acrylamide (AA) and its metabolite glycidamide in these foods (EFSA, [@ref5], Tateo *et al.*, [@ref17]). Foods contributing the largest amount of acrylamide daily intake include baked cereal products, fried potatoes (French fries and chips) and coffee (Mesias and Morales, [@ref11], Pacetti *et al.*, [@ref14]), usually sold by street food vendors.

Acrylamide has been included in Group 2A *probably carcinogenic to humans* by the International Agency for Research on Cancer (IARC [@ref8]) and it is a concern to human health. In 2015 following a request from the European Commission, the European Food Safety Autority (EFSA) delivered a scientific opinion on acrylamide in food. Up to date, the data from human studies, both epidemiological and on biomarkers, are still inadequate for dose-response assessment therefore dose--response relationship has been set based on animal results. The experts have proposed two different BMDL~10~ (lower limit on the benchmark dose for a 10% response) for acrylamide: 0.17 mg/kg bw/day for neoplastic effects in mice and 0.34 mg/kg bw/day for peripheral neuropathy in rats. The margins of exposure (MOE) for the cancer-related effects of acrylamide, corresponding to the ratio between the BMDL~10~ and the dietary exposure of the population, range from 425 for average adult consumers down to 50 for high consuming toddlers, these ranges indicate a concern for public health (EFSA, [@ref5]). Estimations of acrylamide exposure from diet are considered of utmost importance as no limits are set for foods, and exposure data, calculated for age groupings and gender, are the basis for a proper analysis of the exposure. Specific data could then be aggregated to estimate the national average level of exposure (Mills *et al*., [@ref12]). The aims of this study were to evaluate the level of acrylamide in different food collected from street vendors in Perugia (Central Italy) and estimate the exposure for youth aged 19-30 considering their attitude towards street food and their frequency of consumption.

Materials and Methods {#sec1-2}
=====================

A survey was carried out from February to May 2015 to investigate individual food consumption data and to quantify acrylamide food intakes in a specific population. The survey was based on 200 subjects (81 male and 119 female) aged from 19 to 30 years. The subjects were asked to complete a questionnaire describing the type of street food consumed and frequency of consumption over a 7-day period. The participants were also asked to report weight and height (for dietary exposure calculation). All participants were students of the University of Perugia and young population living in Perugia recruited by street food vendors. The food categories selected for the consumption assessment were 10.

Different batches of selected street food were purchased in Perugia from street food vendors and analyzed for acrylamide using high-performance liquid chromatography (HPLC) method (Haouet *et al.*, [@ref7]). The acrylamide was extracted with water following the procedure of Haouet *et al*., [@ref7] and the extract was injected into a system consisting of an HPLC Shimadzu (Kyoto, Japan) instrument model RF-20AX consisting of a vacuum degasser, a quaternary pump, an auto-sampler, a thermostated column compartment and a diode array detector (DAD). The calibration standards and sample extracts were injected via a 10 µL sample loop into a C18 RP column (250 x 4.6 mm, Phenomenex Inc, Torrance, USA) thermostated at 25°C. The detection wavelength was 238 nm. A mixture of acetronitrile and acetic acid (1.0 g/L water solution) (20:80 v/v) was used as the mobile phase. Peaks in the chromatograms were identified by comparing the retention time and UV spectrum with standard solutions of acrylamide (AA 99% standards --SIGMA-Fluka St. Louis, MO, USA). The limit of detection (LOD) and limit of quantification (LOQ) were 20 µg/kg and 60 µg/kg, respectively (Haouet *et al*., [@ref7]).

For the dietary exposure evaluation (DE) of the selected population, individual consumption data were combined with the value of acrylamide level and DE was calculated according to the following formula (Sirot *et al.*, [@ref16]):

where DE*i* is the total daily exposure to acrylamide of the subject *i* (g/kg pc/day), I~*ik*~ is the weekly intake of the food item k by the subject i (g/week), C~k~ is the acrylamide concentration of the food item k (g/kg of fresh weight), BW~*i*~ is the individual body weight of the subject i (kg), n is the total number of food items consumed by the subject i among the analyzed foods. The weekly exposure (based on 7 days of food consumption) was divided by a factor 1000 to convert contamination data in µg of acrylamide per gram of food and by a factor 7 to express exposure per day. Mean exposure and P95^th^ were compared with BMDL by calculating the corresponding MOE for the risk evaluation.

Results and Discussion {#sec1-3}
======================

Street food is an important source of meals for young people, especially University's students; the types of foods consumed in Italy are mainly bakery products such as pizza and sandwiches. [Table 1](#table001){ref-type="table"} summarizes the consumption of the food categories used in the calculations differentiating the consumption data between boys and girls. Based on the selection performed by tested population among street food, pizza is the more consumed food category in general without considering the gender, followed by stuffed sandwich and hamburgers. The less consumed street food is stuffed thin flatbread. Considering the gender stuffed sandwich is the most consumed followed by pizza and hamburger by the boys; the females reported to consume mainly pizza followed by stuffed sandwich and chicken cuttled sandwiches; in both gender the less consumed food category is stuffed thin flatbread.

The acrylamide content in 10 selected food groups are reported in [Table 2](#table002){ref-type="table"}. The highest mean acrylamide concentration was found in French fries (724 µg/kg) followed by McDonald's menu (459.5 µg/kg), chicken cuttled sandwich (273 µg/kg), pizza (250 µg/kg) and flat bread (230µg/kg). In the other food categories the acrylamide content is around 100 µg/kg. Folded pizza presented the lowest concentration of acrylamide (90 µg/kg). All respondents of the study were exposed to acrylamide through the diet; although consumption data showed few differences between boys and girls no difference were recorded in total acrylamide exposure between genders (0.411±0.23 µg/kg bw/day and 0.472±0.22 µg/kg bw/day respectively) therefore data was put together for further evaluations. Mean acrylamide exposure was assessed to be 0.452±0.21 µg/kg bw/day ([Table 3](#table003){ref-type="table"}).

The 50^th^ percentile was found to be 0.350 µg/kg bw/day and the 95^th^ was found to be 1.539 µg/kg bw/day. This dietary exposure represents only the exposure from the consumption of street foods during the working/university day. However this intake is similar or even higher than the estimated total daily AA intake in several other countries (El Tawila *et al.*, [@ref4], Zajac *et al.*, [@ref18]). For example, in a Chinese total diet study, the mean and the 95^th^ percentile dietary intake values were found to be 0.286 and 0.490 µg/kg bw/day, respectively (Chen *et al.*, [@ref2]). In France, the average dietary intakes have been found to be 0.45 µg/kg bw/day and the 95^th^ percentile values are 1.71 µg/kg bw/day (Sirot et al., [@ref16]). In Canada, the mean and 95^th^ percentile daily intake values are 0.58 and 2.19 µg/kg bw/day, respectively (Normandin *et al.*, [@ref13]). JECFA ([@ref9]) has estimated the mean dietary exposure to AA in the general adult population to lie in the range of 0.2-1.0 µg/kg bw/day and the highest intake is estimated to be 0.6-1.8 µg/kg bw/day. The main contributors to the dietary exposure were pizza (25.22%) and French fries (22.35%) followed McDonald's menu (15.49%) and chicken cuttled sandwich (10.84%). The lowest contribution is done by stuffed thin flatbread and folded pizza (2.21%). Regarding French fries the results are in agreement with those widely reported in literature (JECFA, [@ref9]).

The high contribution of a food category to the daily AA intake can be due to the elevated contamination of the food or to the high food consumption, or the combination of the two factors.

In this study the contribution of French fries is mainly due to the elevated level of contamination of the products, while data on food consumption are lower than those reported by Arisseto *et al*. ([@ref1]) for selected individuals in Brazil (12.53 g/day) and reported by Matthys *et al*. ([@ref10]) for Belgian adolescents (39.88 g/day). Pizza contribution to the AA daily intake is to attribute to the high consumption pattern for Italian young population and to a high AA content. The margins of exposure (MOEs), calculated for the mean exposure to acrylamide, were respectively 376.11 and 951.33 for the BMDL~10~ considered (0.17 and 0.43 mg/kg bw/day) ([Table 4](#table004){ref-type="table"}).

For the 95^th^ percentile of exposure the MOEs ranged 110.46--279.40. Given that AA is a possible genotoxic and carcinogen, the MOE approach may provide an idea of the risks associated with its presence in food. The MOE approach remains the most common method of risk characterization concerning AA despite some uncertainties derived from the use of data from rodents to assess the dose--response curve and from the lack of human external or internal exposure studies to confirm its validity. The obtained MOE values from this study are close to those suggested by the EFSA (50-425) and JECFA(45-310) to indicate an AA health concern regarding neoplastic effects.

Moreover, the conclusions of the EFSA/WHO, 2005 conference reported that a margin of exposure lower than 10,000, based on a BMDL~10~ obtained in an animal testing study, represents a public health issue and a need to reduce exposure (EFSA/WHO, [@ref5]). It is therefore advisable to continue efforts in order to reduce dietary exposure to acrylamide.

Conclusions {#sec1-4}
===========

The results of this study confirm the general recommendation to the consumer, especially certain population groups, to eat a balanced healthy diet and to limit the amount of baked cereal products and fried products, especially French fries.

This work is part of a research project funded by the Italian Ministry of Health (RC 005/12---*Esposizione all'acrilammide da parte del consumatore di prodotti RTE e valutazione di metodi di cottura per limitarne la formazione.*

###### 

Average food consumption of targeted population.

  Food item                           Food consumption (g/day)   
  --------------------------- ------- -------------------------- -------
  Pizza                       27.02   26.95                      27.08
  Stuffed stone baked pizza   7.41    8.48                       6.35
  Stuffed thin flatbread      4.75    4.76                       4.75
  Folded pizza                6.75    7.03                       6.48
  Flat bread                  7.75    9.42                       6.08
  French fries                8.23    8.26                       8.20
  Hamburgers                  13.81   16.70                      10.91
  Stuffed sandwich            19.55   27.46                      11.64
  McDonald's menu             9.32    10.04                      8.60
  Chicken cuttled sandwich    9.71    8.04                       11.38

###### 

Estimation of the mean level of acrylamide (µg/kg fresh weight) in food groups.

  Food sample                                         N    Acrylamide level (µg/kg)   Source
  --------------------------------------------------- ---- -------------------------- -----------------------
  Pizza                                               12   250                        Analyzed
  Stuffed stone baked pizza                           3    99                         Analyzed
  Stuffed thin flatbread                              8    122                        Analyzed
  Folded pizza                                        11   90                         Analyzed
  Flat bread                                          8    230                        Analyzed
  French fries                                        22   724                        Analyzed
  Hamburgers[\*](#tfn001){ref-type="table-fn"}        \-   127                        Tateo *et al.* (2007)
  Stuffed sandwich                                    8    111                        Analyzed
  McDonald's menu[\*](#tfn001){ref-type="table-fn"}   \-   459                        Tateo *et al.* (2007)
  Chicken cuttled sandwich                            4    273                        Analyzed

\*Data of acrylamide content in these food items are not directly analyzed but collected from literature.

###### 

Estimation of dietary exposure (mean, 50^th^ and 95^th^ percentile) among young population (µg/kg bw/day) and contribution (%) of each food group to the exposure.

  Food item                   Exposure (µg/kg bw/day)                   
  --------------------------- ------------------------- ------- ------- -------
  Pizza                       0.114                     0.104   0.240   25.22
  Stuffed stone baked pizza   0.012                     0.008   0.043   2.65
  Stuffed thin flatbread      0.010                     0.005   0.032   2.21
  Folded pizza                0.010                     0.000   0.046   2.21
  Flat bread                  0.026                     0.015   0.125   5.75
  French fries                0.101                     0.080   0.310   22.35
  Hamburgers                  0.029                     0.016   0.091   6.42
  Stuffed sandwich            0.031                     0.026   0.115   6.86
  McDonald's menu             0.070                     0.063   0.301   15.49
  Chicken cuttled sandwich    0.049                     0.031   0.236   10.84
  Total                       0.452                     0.350   1.539   100
                                                                        

###### 

Estimation of the margins of exposure for the mean and 95^th^ percentile of youth dietary exposure to acrylamide.

                                                                          Mean     P95^th^
  ----------------------------------------------------------------------- -------- ---------
  Exposure (µ/kg bw/day)                                                  0.452    1.539
  MOE (BMDL~10~=0.17 mg/kg bw/day)[\*](#tfn002){ref-type="table-fn"}      376.11   110.46
  MOE (BMDL~10~ =0.43 mg/kg bw/day)[\*\*](#tfn003){ref-type="table-fn"}   951.33   279.40

MOEs, margins of exposure; BMDL~10~, lower limit on the benchmark dose for a 10% response.

\*BMDL~10~ defined for neoplastic effects (EFSA, 2015)

\*\*BMDL~10~ defined for peripheral neuropathy (EFSA, 2015).
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